Objective: The association of sedentary behaviour and leisure time physical activity with a validated continuous metabolic syndrome risk score was investigated in adults. Subjects/Methods: A number of 992 adults (559 men) without cardiovascular disease or diabetes. Subjects reported time spent in leisure time physical activity and television watching/computer activities. A validated metabolic syndrome risk score, based on waist circumference, triglycerides, blood pressure, fasting plasma glucose and high-density lipoprotein cholesterol, was used. The metabolic syndrome risk score and time spent in sedentary behaviour and physical activity were analysed as continuous variables using multiple linear regression. Results: Metabolic syndrome risk was positively associated with time spent watching television/computer activities, irrespective of physical activity level, and after adjustment for age, education level, smoking status and dietary intake in women aged X45 years (b ¼ 0.184, Po0.05). Independent of the time being sedentary, moderate to vigorous leisure time physical activity was inversely associated with metabolic syndrome risk in men (o45 years: b ¼ À0.183, Po0.01; X45 years: b ¼ À0.192, Po0.01) and women aged X45 years (b ¼ À0.203, Po0.01). Conclusions: Although cross-sectional, the present results support inclusion of efforts to decrease sedentary behaviour in metabolic syndrome prevention strategies for women aged X45 years, besides promotion of moderate to vigorous physical activity, since both behavioural changes might show additional effects.
Introduction
The clustering of risk factors, known as the metabolic syndrome (MSy), predicts the development of type II diabetes , cardiovascular disease and all-cause mortality in non-diabetic individuals, and is highly prevalent worldwide (Cameron et al., 2004) . To develop effective primary and secondary prevention strategies for this global health problem, its modifiable determinants need to be thoroughly understood.
Earlier research revealed an inverse association between physical activity and MSy in adults (Ekelund et al., 2005) . Furthermore, Owen et al. (2000) urged the need to study physical activity and sedentary behaviour (SB) as two distinct classes of behaviour in finding ways to influence health outcomes, since they may have independent effects on these health outcomes. Television watching, a common form of SB, has been associated with elevated risk for type II diabetes, obesity (Hu et al., 2003) and cardiovascular disease markers (Jakes et al., 2003) , all independently of physical activity level. Until now, in a limited number of studies, the associations of physical activity and SB with MSy were simultaneously investigated in adults. In these studies, a binary definition of MSy was used (Bertrais et al., 2005; Dunstan et al., 2005; Ford et al., 2005) .
However, increasing evidence supports the use of a continuous MSy (cMSy) risk score in epidemiological analyses, instead of a binary definition (Kahn et al., 2005) (a) dichotomizing continuous outcome variables reduces statistical power to detect associations (Ragland, 1992) , (b) cardiovascular disease risk is a progressive function of several MSy risk factors, eliminating the need to dichotomize these risk factors using cutoff points (Kahn et al., 2005) and (c) cardiovascular disease and diabetes risk increase progressively with an increasing number of MSy risk factors (Klein et al., 2002) , eliminating the need to dichotomize the presence of the syndrome, e.g. in case of three or more risk factors present (Kahn et al., 2005) .
SB is inversely and physical activity is directly associated with obesity (Hu et al., 2003; Bertrais et al., 2005) . Furthermore, obesity predicts the development of several individual risk factors of MSy and type II diabetes (Han et al., 2002) . Therefore, the association of SB and physical activity with the individual risk factors of MSy may (partially) be mediated by obesity.
The aims of the present study were (a) to investigate the cross-sectional association of SB and leisure time physical activity (LTPA) with a validated cMSy in Flemish adults, aged 18-75 years and (b) to determine the relationship of SB and LTPA with each of the continuous risk factors of MSy, and the extent to which obesity mediates this relationship.
Methods

Subjects
Data for this study were collected by the Flemish Policy Research Centre Sport, Physical Activity and Health between October 2002 and April 2004, in a cross-sectional survey on the relationship among physical activity, physical fitness and several health parameters. As described in detail by Duvigneaud et al. (2006) , 46 Flemish municipalities were selected via clustered random sampling. The National Institute of Statistics randomly selected 18-to 75-year olds, within these municipalities. In total, 5170 subjects participated in the Flemish Policy Research Centre Sport, Physical Activity and Health study (28% response rate). Although small differences were observed for geographic distribution, age, gender and education level within the total Flemish population, this sample is representative for these four factors . Of all the 5170 participants, 1274 subjects had complete data for all the variables included in the analyses. Participants with a history/ evidence of cardiovascular disease (procedure is described by Wijndaele et al. (2007) Data collection Blood samples. Subjects were asked to fast from 1100 hours the evening before visiting the laboratory. A sample of fasting blood was taken from an antecubital vein of subjects in supine position. All samples were stored at 4 1C before they were transferred to the lab at 1100 hours. They were analysed before 1700 hours the same day. Analysis methods for triglycerides, high-density lipoprotein (HDL) cholesterol and glucose are described by Wijndaele et al. (2007) .
Blood pressure. A physician measured blood pressure at the left arm of subjects who had been seated for 10 min, using a NOVA Presameter mercury sphygmomanometer (Riester, Jungingen, Germany). Systolic and diastolic blood pressure were measured three times with 1-min intervals, and the mean of these three measurements was used in the analyses.
Anthropometric measurements. Anthropometric measurements were taken by trained staff with participants in barefoot and in underwear. Height was measured using a stadiometer (Holtain, Crymych, UK) to the nearest 0.1 cm. WC was measured using a metal tape (Rosscraft, Surrey, BC, Canada) to the nearest 0.1 cm, at the narrowest level between lowest ribs and iliac crests, in standing position, as described by Lohman et al. (1988) .
Continuous MSy risk score. A validated cMSy was calculated as described in more detail by Wijndaele et al. (2006) . In short, cMSy is based on the five risk factors in the definitions of the National Cholesterol Education Program Expert Panel on Detection, Evaluation, and Treatment of High Blood Cholesterol in Adults (2001) and the International Diabetes Federation (2005), namely WC, triglycerides, HDL cholesterol, blood pressure (systolic and diastolic) and fasting plasma glucose. Calculation involved three successive steps (a) all the variables were normalized (log 10) because of their nonnormal distribution. A blood pressure index was computed by averaging systolic and diastolic blood pressure, (b) principal component analysis with varimax rotation was applied to the individual risk factors to derive components that represent large fractions of MSy variance, and consequently to give each risk factor the most appropriate weight in calculating cMSy. This analysis revealed two principal components with eigenvalue X1.0 in both genders and (c) cMSy was computed by summing both individual principal component scores, each weighted for the relative contribution of principal components 1 and 2 in the explained variance. The resulting cMSy was 071.42 in men and 071.41 in women. This score showed high validity in both genders . SB and LTPA SB and LTPA were assessed using the Flemish Physical Activity Computerized Questionnaire (FPACQ). The FPACQ was found to be a reliable and valid questionnaire for the assessment of different dimensions of physical activity in adults .
Participants were asked to indicate the time spent watching television/video or playing computer games during an average week day and weekend day (from 0 to X6 h/day). SB time was then calculated by multiplying average week day and weekend day scores by 5 and 2 respectively, and summing both products.
Levels of LTPA were evaluated in several domains. Sports participation was assessed by asking subjects to select their three most important sports out of a list of 196 sports. For each of these sports, frequency (from 1 week/year to more than 7 times/week) and duration (from o1 h/week to 420 h/ week) were reported. Active transportation in leisure time was determined by asking time spent in walking and cycling as transportation in leisure time, during an average week day and weekend day (from 0 to 460 min/day). Furthermore, time spent in housekeeping and gardening activities was assessed (from 0 to 414 h/week). Intensity level of all activities, expressed in metabolic equivalent tasks (METs), was defined according to the classification of Ainsworth et al. (2000) . Because of the wide age range of this study population, age-specific MET value cutoff points (US Department of Health and Human Services, 1996) were used to calculate two different intensity indexes. Moderate LTPA (MLTPA) was computed by summing the number of hours per week spent in activities of the following intensity: aged 18-39 years: 4.8p METs p7.1; aged 40-64 years: 4.5 pMETs p5.9; aged 65-75 years: 3.6 pMETs p4.7. Activities of a higher intensity were included in the vigorous LTPA (VLTPA) index, i.e. aged 18-39 years: METs X7.2; aged 40-64 years: METs X6.0; aged 65-75 years: METs X4.8 (US Department of Health and Human Services, 1996) . Consequently, with these indices the association between cMSy and MLTPA and VLTPA could be analysed separately, since vigorous activity entails additional health benefits in comparison with moderate activity (US Department of Health and Human Services, 1996) . By summation of MLTPA and VLTPA, total LTPA (TLTPA) was computed, thus including activities of at least moderate intensity, as proposed in the current physical activity recommendations (US Department of Health and Human Services, 1996) .
Confounding variables. Age (years), education level (low and high), smoking (current, former and never) and dietary intake (total energy (kcal), saturated fat (%), sugars (%), fibre (g/1000 kcal) and alcohol (%)) were included in the analyses as confounding variables, because they are associated with MSy risk, physical activity and SB (Stephens and Caspersen, 1994; Ford et al., 2002; Schuit et al., 2002; Shapo et al., 2004; Rouillier et al., 2004; Oh et al., 2005; Silventoinen et al., 2005; Baxter et al., 2006; Fan et al., 2006) . Education level was assessed using FPACQ . Data were reduced from 13 to 2 levels, more specifically secondary school or lower and university or college. Smoking status was determined by means of the World Health Organization MONICA Smoking Questionnaire (World Health Organization, 1997). To assess dietary intake, subjects completed a validated 3-day diet record . Diet records were analysed using Becel Nutrition software (Unilever Co., Rotterdam, The Netherlands). Reported energy intake on group level was evaluated using the Goldberg cutoff method (Black, 2000) . Individual resting metabolic rate was calculated using the model 2 formula, as explained by Freni et al. (2000) . The mean value of energy intake/ resting metabolic rate was 1.571170.4350, which was between the 95 and 99% confidence limits.
Statistical methods
Analyses were carried out using SPSS 12.0. (SPSS Inc., Chicago, IL, USA). MSy risk factors were logarithmically transformed (log 10), owing to their positively skewed distribution, as shown by the Shapiro-Wilk test for normality. Differences between sexes or age groups were analysed using independent samples t-tests and Pearson w 2 tests. All further analyses were carried out in both genders separately. Separate multiple linear regression models were used to assess the association of the predictor variables SB and TLTPA with cMSy. Model A contained SB or TLTPA and was adjusted for all confounding variables, more specifically age, education level, smoking status and dietary intake. Model B was additionally adjusted for the other predictor variable. In addition, the interaction effect of SB and TLTPA with cMSy was verified, adjusted for the same confounding variables. Using these models, the independent association of both predictor variables with cMSy and their interaction on cMSy was tested.
To examine the association of MLTPA with cMSy, participants who reported VLTPA (men: 57.4%; women: 41.3%) were excluded to minimize the potential confounding effect of vigorous activity. Subjects reporting MLTPA (men: 63.0%; women: 55.9%) were excluded in analysing the association of VLTPA with cMSy. Consequently, analyses for MLTPA were executed in 238 men and 254 women, and analyses for VLTPA included 207 men and 191 women. Again, two multiple linear regression models were used, more specifically Model A containing MLTPA or VLTPA and adjusted for all confounding variables, and Model B additionally adjusted for SB.
In assessing the association of SB and TLTPA with the individual MSy risk factors, two models were applied. Model A contained both SB and TLTPA and was adjusted for all confounding variables. Additional adjustment for WC was made in Model B to analyse the extent to which obesity mediates this relationship.
Finally, all regression models were also applied in separate age groups (cutoff: 45 years of age). SB and physical activity were entered as continuous variables in all analyses. Standardized b coefficients are provided, which express the number of standard deviations the outcome (cMSy or MSy risk factors) changes as a result of 1 s.d. change in the predictor (SB or LTPA). Minimal level of statistical significance was set at Po0.05.
Results
Descriptive statistics of subjects is shown in Table 1 . WC, triglycerides, glucose, systolic and diastolic blood pressure were higher in men, whereas HDL cholesterol was higher in women. Men also reported more SB, TLTPA, MLTPA and VLTPA.
Using Associations of SB and LTPA with cMSy As shown in Table 3 , SB was positively associated with cMSy in men (Po0.05). and women (Po0.01) after adjustment for age, education level, smoking status and dietary intake (Model A). Additional adjustment for TLTPA did not attenuate these associations in men (Po0.05) or women (Po0.01) (Model B). An inverse relationship, adjusted for all confounding variables, was found for TLTPA in both genders (Model A), which remained equally strong (men: Po0.001; women: Po0.01) after additional adjustment for SB (Model B). Furthermore, in subjects not participating in any VLTPA, a negative association of MLTPA with cMSy was found in both genders (Po0.05). For those participants not engaged in any MLTPA, VLTPA was negatively associated with cMSy (men: Po0.01; women: Po0.05) (Model A). Further correction for SB did not substantially change these associations (MLTPA: women: Po0.05, men: P ¼ 0.086; VLTPA: men: Po0.01, women: Po0.05) (Model B). Table 4 shows results for separate age groups. In older men, the association of SB was marginally nonsignificant (P ¼ 0.066) after further correction for TLTPA.
A model including SB, TLTPA, an interaction term (SB Â TLTPA) and all confounding variables revealed no interaction of SB and TLTPA on cMSy in men (P ¼ 0.685) or women (P ¼ 0.424). No interaction was found in any of the separate age groups (P40.144).
Associations of SB and TLTPA with each of the MSy risk factors Table 5 shows the regression results for the individual risk factors of MSy. A higher level of SB was associated with more central obesity and less HDL cholesterol (Po0.05) in men, and with a higher WC, systolic and diastolic blood pressure (Po0.05) in women (Model A). Additional correction for WC attenuated the association with HDL cholesterol in men and systolic and diastolic blood pressure in women to a nonsignificant level (P40.05) (Model B).
For TLTPA, an inverse association was found with WC in men (Po0.001) and women (Po0.05). Furthermore, a higher level of TLTPA was associated with a healthier blood lipid profile in men (Po0.001) and a lower diastolic blood pressure in women (Po0.01) (Model A). WC only partially mediated the associations with triglycerides and HDL cholesterol in men (Po0.001) and diastolic blood pressure in women (Po0.05), since they remained significant (Model B). Sedentary behaviour and metabolic syndrome risk K Wijndaele et al Table 6 shows results for separate age groups in Model A. No further mediation analyses (Model B) were executed for SB because it was significantly associated with WC in older men only, and these groups did not show any significant association of SB with the other individual risk factors in Model A. Because the association between TLTPA with WC was significant in younger men and older women only, further mediation analyses by means of Model B were only executed in those groups. In younger men, the association of triglycerides was attenuated to a nonsignificant level (b ¼ À0.072, P40.05), whereas that with HDL cholesterol remained almost equally strong (b ¼ 0.213, Po0.001). In older women, both the associations with systolic and diastolic blood pressure were attenuated to a nonsignificant level (b ¼ À0.131, P40.05 and b ¼ À0.144, P40.05, respectively).
Discussion
This study investigated the combined association of television watching or playing computer games, as a parameter of SB, and LTPA with a validated cMSy . In the total sample, after adjustment for confounding factors, SB was associated with a higher risk for MSy, independently of TLTPA, in both genders. Furthermore, being active in leisure time was related to a lower MSy risk in men and women, independently of SB. Earlier studies simultaneously examining these relationships (Dunstan et al., 2005; Ford et al., 2005) , which all used a cross-sectional design, could not reveal a significant association of SB with MSy, independently of all confounders and TLTPA in men. However, Dunstan et al. (2005) did reveal independent associations for SB and TLTPA Examining the associations of SB and TLTPA with MSy risk in two separate age groups showed that they might be age and gender specific. This might be an indication of differences between both genders and age groups in physiological processes explaining these associations or physiological response. Results for the individual MSy risk factors also showed age-and gender-specific associations. However, (part of) these variable results might be caused by differences in report imprecision between age and/or gender groups for both behaviours (Washburn, 2000; Matton et al., 2007) . Furthermore, compared to the analyses in the total group, subject numbers in the age-specific analyses were rather low, therefore lowering statistical power.
Since watching television or playing computer games is associated with a higher risk for MSy independently of LTPA in older women, the effect of SB cannot be explained by the hypothesis that time spent in SB displaces time spent in moderate to VLTPA. An alternative hypothesis suggests that high exposure to high-calorie food advertisements stimulates people eating unhealthy foods while watching television and even increases overall amount of food consumed a day (Foster et al., 2006) . However, the present study shows an association of SB that is independent of dietary intake. Part of the physiological basis to explain the independent risk of SB for metabolic disorders, including poor lipid metabolism, might have been found in a high sensitivity of skeletal muscle lipoprotein lipase to be suppressed by muscle inactivity, a process that does not seem to occur in even low-intensity activities such as walking (Bey and Hamilton, 2003; Zderic and Hamilton, 2006) .
In the total sample, SB was associated with unhealthier profiles for WC and HDL cholesterol in men and WC and blood pressure in women, independently of TLTPA. Since obesity predicts the development of low HDL cholesterol, hypertriglyceridaemia, hypertension and type II diabetes (Han et al., 2002) , additional adjustment for WC was made. Both the association with HDL cholesterol in men and blood pressure in women was mediated by WC, which may suggest a central role of obesity in the pathway between SB and these individual MSy risk factors. Age-specific mediation analyses did not confirm results for the total sample. However, they should be interpreted with caution, due to rather small sample sizes and therefore lower statistical power. This is the first study to examine the combined association of SB and LTPA with a cMSy. Although the use of cMSy implies population-specific results, it is more appropriate than using categorical definitions of MSy for epidemiological analyses (Ragland, 1992; Kahn et al., 2005; Wijndaele et al., 2006) . Additional strengths of this study are the genderspecific analyses, covering a wide age range. Furthermore, extensive adjustment was made for confounding variables, including dietary intake. Finally, LTPA was assessed in different domains, including household-related activities.
However, some limitations of this study should be addressed. First of all, because of the cross-sectional design, causality of relationships cannot be determined. However, the exclusion of subjects with a history/evidence of CVD and diabetes reduced the confounding influence of health status on time spent in SB and LTPA. Second, some selection bias might have occurred because the current sample is not fully representative of the Flemish adult population. Third, data on SB and LTPA are reported instead of objectively measured, through which (gender differences in) report imprecision might have influenced the results. Finally, although several associations were significant, the magnitude of the coefficients was still rather low, possibly indicating a modest public health impact.
In conclusion, these results support the importance of being moderately to vigorously active in relation with MSy risk in men aged 18-75 years and in women aged X45 years (Bertrais et al., 2005; Dunstan et al., 2005) . Moreover, women aged X45 years could benefit from spending less time in watching television, and possibly other types of SB, irrespective of their physical activity level. Keeping in mind the cross-sectional design of the study and the strength of the associations found, the present results support inclusion of efforts to decrease SB in MSy prevention strategies for women aged X45 years, besides promotion of moderate to vigorous physical activity, since both behavioural changes might show additional effects. Moreover, reducing SB might be a more attractive type of behavioural change for overweight and obese individuals, who are at higher risk for developing MSy. In this context, intervention studies reducing SB in obese children already showed promising results for weight loss (Epstein et al., 1995 (Epstein et al., , 2000 .
